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times, or many times successively. Then, if the structure bears this -without showing signs of failure, it must be very safe indeed in regularly working with a small proportional part of that test load. Because, if the structure was weakened by the first application of the load, and had been previously too weak, much more will it now be incapable of resisting a second application of that same damaging load, and it will either break, or show some permanent damage; and even if it should not absolutely suffer rupture at this stage, yet a number of repetitions of the loading would result in visible damage, or absolute fracture. If no such result ensues, then, as I said before, the structure must be very safe for its comparatively small ordinary working load.
That a piece of material, especially of a ductile or malleable substance, such as wrought iron or copper, is not necessarily injured, or " crippled," to use a word which has often been applied in this respect, will become very evident when we consider a few well known ordinary cases. For an ordinary cylindrical boiler the plates of the cylindrical part have been all bent to their cylindrical form by being passed through rollers when cold, and have thus received a set or permanent alteration of form; yet they are never considered as being injured or seriously altered in their capabilities by this usage.
Again, a bellhanger brings soft copper wire into a house to use it as material for bell wire; but, before proceeding to adjust it into its place for permanent service, he attaches one end to any suitable fixed object, and pulls strongly at the other end. The wire yields to his pull more and more as he pulls more and more strongly, till it is permanently stretched by perhaps a fifth part or a quarter of its original length. The wire cannot have been, at the beginning, perfectly alike in strength at all parts. On the pull being applied, the weakest part must yield first; that part must become smaller in cross section, because of the stretching in length; yet that part does not break, but becomes actually stronger than before, and pulls out the other parts which had not commenced to yield in a ductile manner at first. The wire has become much stronger, even with its diminished size of cross section, than it was originally; for it now bears, and can henceforth bear, without any new ductile stretching, a pull very much greater than that to which it formerly yielded. This hardening and strengthening process, performed on the spot where the wire